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Abstract 
To decrease the size of electron beam in an electron gun, sometimes an aperture with a small hole is used to cut off the electrons
with large divergence angle. However, a few secondary electrons may be emitted when the primary electrons bombard on this 
aperture. This article simulates the secondary electron emission in an electron gun. In the simulation, the aperture is suggested to 
be a perfect metal electrode first. Therefore, there is no secondary electron emission when the primary electrons bombard on it.
Then, it is assumed that some secondary electrons and back scatters can emit from the aperture. This paper also changes the 
diameter of the hole in aperture. From the comparison of the spot on the screen, the influence of the secondary electrons on the
spot profile can be estimated.  © 2008 Elsevier B.V.
PACS: 07.77.Ka; 79.20.Hx 
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1. Introduction 
To decrease the size of electron beam in an electron gun, sometimes an aperture with a small hole is used to cut 
off the electrons with large divergence angle. However, a few secondary electrons may be emitted when the primary 
electrons bombard on this aperture. These secondary electrons may influence the spot on the screen. Hence, in order 
to analyze the operation of electron gun, and design a perfect electron gun, it is important to study the influence of 
secondary electron emission in an electron gun. 
2. Simulation model 
Fig. 1 gives the structure of the electron gun simulated in this paper. In Fig. 1, the primary electrons emit from 
cathode, most of them travel through the hole of the aperture directly, but some of the electrons will impinge on the 
aperture. 
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Fig. l.  Structure of the electron gun. 
When an electron impinges on a dielectric wall, it may be backscattered (elastically or inelastically) or it may 
penetrate the dielectric wall [1-3]. When the electron penetrates the dielectric wall, surrounding electrons in the 
material become heated up (secondary electrons). Some of these secondary electrons may reach the surface and 
leave the material. Consequently, a "primary" electron impinging on a material generates secondary electrons. 
The number of secondary electrons generated per incoming electron (secondary electron yield curve į) depends 
on the incoming velocity of the primary electron and on the material properties of the dielectric wall. In Fig. 2 a 
typical yield curve is plotted [4-8]. There are two characteristics energies El and E2 where the secondary electron 
yield is equal to 1. These two values are strongly material dependent. 
Fig. 2.  Secondary electron yield curve į as a function of the energy of the primary electron. 
3. Study of the secondary electron emission 
The electron gun geometry used in the simulation discussed in this article is shown in Fig. 1. Voltages applied on 
the cathode, modulator, electrodes A1, A2 and anode are 0, 40, 600, 1200 and 3500 V, respectively. The number of 
electrons emitted from the cathode is about 500. 
As mentioned earlier, the total number of secondary electrons is determined by the aperture material and the size 
of the aperture. In this article, we calculated the influence of secondary electron emission in the electron gun by 
changing the aperture material and the diameter of the hole in the aperture. 
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In the simulation, the aperture is suggested to be a perfect metal electrode first. Therefore, there is no secondary 
electron emission when the primary electrons bombard on it. Then, it is assumed that the aperture has a secondary 
electron emission property. Thus, some secondary electrons and back scatters can emit from the aperture. This paper 
also changes the diameter of the hole in aperture to 0.4 mm, 0.8 mm and 1.2 mm. 
Fig.3.  Current density distribution with diameter of hole in aperture 0.8 mm. 
Fig. 3 gives the spot profile with and without secondary electron emissions, the diameter of the hole in the 
aperture is 0.8 mm. From the comparison, it can be seen that the maximum current density on the screen is almost 
the same. Therefore, the secondary electron emission on aperture will not influence the peak brightness. However, 
the size of spot with low current density has been increased obviously after we take the secondary electron emission 
into account. Consequently, the haze may be generated by the secondary electron emission. 
      
 (a) With 4 mm diameter hole in aperture. (b) With 1.2 mm diameter ole in aperture. 
Fig. 4.  Current density distribution with different diameters of hole in aperture, 
Next, this paper changes the diameter of the hole in aperture to 0.4 mm and 1.2 mm, as shown in Fig. 4 (a) and 
(b). When the diameter is 0.4 mm (Fig. 4(a)), the spot size is smaller than the one with 0.8 mm hole diameter, more 
primary electrons bombard on the aperture, as a result, more secondary electrons and back scatters are generated. 
However, from Fig. 4(a), the current distribution that has some secondary electron emission is nearly the same as the 
one that doesn't have. This shows that the influence of the secondary electrons becomes insensitive. Although there 
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are more secondary electrons and back scatters, the hole in the aperture is so small that electrons can't travel through 
it directly, as shown in Fig. 5(a). 
When the diameter is 1.2 mm (Fig. 4(b)), the spot size is obviously bigger than the one with 0.8 mm hole 
diameter. Most of the primary electrons, secondary electrons and back scatters can easily travel through the hole in 
the aperture. However, Fig. 4(b) shows that the secondary electron emission cause no more differences between the 
two current density distributions than before. Perhaps, it is due to the ratio of secondary electrons becomes smaller 
at this moment, as shown in Fig. 5(b). 
 (a) With 0.4 mm diameter hole in aperture. (b) With 1.2 mm diameter hole in aperture. 
Fig. 5.  Electron trajectories with secondary electron emission. 
4. Summary and conclusion 
By calculating the electron emission, the trajectories of the electrons that travel through the hole in the aperture, 
the electron bombardment on the aperture is obtained. In our simulation, the aperture is suggested to be a perfect 
metal electrode first and then an electrode which has secondary electron emission property. The diameter of the hole 
in the aperture is also changed to 0.4 mm, 0.8 mm and 1.2 mm. From the comparison of the spot on the screen, we 
conclude that the secondary electron emission on the aperture will not influence the peak brightness. However, when 
the hole of the aperture is big enough, for example 0.8 mm diameter, the secondary electron emission may generate 
a haze around the spot on the screen. 
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